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(57) ABSTRACT

A method of performing real-time correction of a water stage
forecast includes obtaining at least one predicted water stage
of at least one time and a predicted water stage of a next time
after the at least one time; obtaining at least one observed
water stage of the at least one time; generating a system error
of the water stage forecast according to the at least one
observed water stage, the at least one predicted water stage,
the predicted water stage of the next time, a Time Series
method, and an Average Deviation method; utilizing a Kal-
man filter method to generate a random error of the water
stage forecast; generating a water stage forecast correction of
the next time according to the system error and the random
error; and correcting a predicted water stage of the next time
according to the water stage forecast correction and the pre-
dicted water stage.

3 Claims, 2 Drawing Sheets
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1
METHOD OF PERFORMING REAL-TIME
CORRECTION OF A WATER STAGE
FORECAST

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of performing
real-time correction of a water stage forecast, and particularly
to a method of performing real-time correction of a water
stage forecast that can utilize a Time Series method and a
Kalman filter to correct a predicted water stage of a lead time.
The proposed method for the error forecast is developed
based on the forecasts of water stages at the lead time and the
estimated water stages at previous time steps during a storm
event as well as the associated the forecast error. It is Noted
that this significantly differs from the other approaches for
correcting the forecasted water stages.

2. Description of the Prior Art

In human history, floods are one of the most severe risks to
human life and property. Therefore, water stage forecasts play
an important and essential role in real-time water stage (e.g.
rivers, lakes, and so on) management, where the water stage
forecasts include flood control, flood warnings, reservoir
operation and river regulation. The water stage forecasts can
increase a lead time applied to a quantitative precipitation
forecast (QPF) of a transformation of rainfall into runoff and
travel time in main rivers catchments. Therefore, real-time
water stage forecast, warning, and response systems aim to
extend the lead time to people living on floodplains, so that
they can take earlier action to save themselves and their
property.

However, in any flood forecast system, uncertainty in the
water stage forecast is caused by some factors (e.g. input
uncertainty, model structure uncertainty, and parameter
uncertainty). Therefore, because of the intrinsic uncertainty
of meteorological forecasts, rainfall uncertainty (a type of
input uncertainty) has more significant influence on the water
stage forecast than other types of uncertainty (that is, the
model structure uncertainty and the parameter uncertainty).
In addition, the input uncertainty contributes inherent uncer-
tainty in hydrologic and dynamic flow models that adds to the
model structure uncertainty and the parameter uncertainty.

To sum up, reliability of the water stage forecast tends to
decrease with increase of the lead time. That is to say, uncer-
tainty in the water stage forecast generally increases with a
lead time for implementing flood protection measures, so that
the simulated and forecasted hydrographs may not perfectly
fit the hydrographic measurements. Therefore, a water stage
forecast provided by the prior art may not meet water stage
forecast requirements for humanity.

SUMMARY OF THE INVENTION

An embodiment provides a method of performing real-
time correction of a water stage forecast. The method
includes obtaining at least one predicted water stage of at least
one time and a predicted water stage of a next time after the at
least one time, wherein a previous time of the at least one time
is a current time; obtaining at least one observed water stage
of'the at least one time; generating a system error of the water
stage forecast according to the at least one observed water
stage of the at least one time, the at least one predicted water
stage of the at least one time, the predicted water stage of the
next time, a Time Series method, and an Average Deviation
method; utilizing a Kalman filter method to generate a ran-
dom error of the water stage forecast; generating a water stage
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2

forecast correction of the next time according to the system
error and the random error; and correcting a predicted water
stage of the next time according to the water stage forecast
correction of the next time and the predicted water stage of the
next time.

The present invention provides a method of real-time cor-
rection of water stage forecast. The method utilizes a Time
Series method and a Kalman filter to correct at least one
predicted water stage of at least one lead time to improve
disadvantages of the prior art.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart illustrating a method of real-time
correction of water stage forecast according to an embodi-
ment.

FIG. 2 is a diagram illustrating at least one water stage
forecast correction through the method in FIG. 1.

DETAILED DESCRIPTION

Please refer to FIG. 1. FIG. 1 is a flowchart illustrating a
method of performing real-time correction of a water stage
forecast according to an embodiment. Detailed steps are as
follows:

Step 100: Start.

Step 102: Obtain predicted water stages H,,.,/*!, H,,../,
H -1 H —p
pred AR ] red .
Step 104: Obtain observed water stages H_,’,
H -1 , H —p

obs 2 obs

Step 106: Utilize a Time Series method to generate a water
stage error estimate of a time (t+1) according to the observed

water stages H,, %, H,,.” ", . .., H,,.”” and the predicted
+1 t -1 t—p
water stages H,,,.; s Hpred's Hpred 5+ s Hpreod

Step 108: Utilize an Average Deviation method to generate
an average error of the time (t+1) according to the observed
water stages H,, , H,, ™', ..., H_, ” and the predicted
water Stages Hpredt+15 predti predt_li . Hpredt_p

Step 110: Generate a system error €, of the water stage
forecast according to the water stage error estimate of the time
(t+1) and the average error of the time (t+1).

Step 112: Utilize a Kalman filter method to generate a
random error €. of the water stage forecast.

Step 114: Generate a water stage forecast correction of the
time (t+1) according to the system error €, and the random
ITOr €y

Step 116: Correct a predicted water stage of the time (t+1)
according to the water stage forecast correction of the time
(t+1) and the predicted water stage of the time (t+1), and
broadcast a corrected predicted water stage of the time (t+1).

Step 118: If the real-time correction of the water stage
forecast is continuously performed, go to Step 102; if no, go
to Step 120.

Step 120: End.

In step 102, the predicted water stages H,,,., an et s
H,.; ", ..., H,,/ 7 can be obtained from a water stage
forecast platform, where H* ., is a predicted water stage at
any time, t represents a current time, t+1 represents a lead
time, t-1 represents a previous time, and t-p represents a
previous p” time of the current time. In step 104, the observed
water stages H,, ", H_, ", ..., H_,.”7 can be obtained from
the water stage forecast platform, where H* ,  is an observed
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water stage at any time. In step 106, the water stage error
estimate of the lead time (that is, the time (t+1)) is generated

by the Time Series method according to the observed water
-1

stagef I;Io s Htobs e H,,. 7, tlle predicted water stages
+ — —, : .
Hed s Hpreds Hpped 5 -+ s Hp e/ 7, and equation (1):
Et:Hpredt_Hobst
1_ 1 —1 -
ersar’” *f(HpredH , Hpredtx Hpredt ----- Hpredt Z, €,
e M

As shown in equation (1), €, is the water stage error
estimate of the lead time generated by a Time Series model f,
€,1s a water stage error of the current time (that is, the time t),
€, , is awater stage error of the previous time (that is, the time
(t-1)), and €,_, is a water stage error of the previous p” time
(that is, the time (t-p)) of the current time. As shown in
equation (1), the Time Series Model fis first determined by a
user. That is, a forecast error of the water stage can be calcu-
lated after an order of the Time Series model £ is determined.
In order to reduce time for correcting the predicted water
stage, the first order of the Time Series models f are selected.
That is to say, the Time Series models of AR(1), AR(2),
MA(1), MA(2), AR(1, 1), and so on are selected, where AR is
an abbreviation for Auto-Regression and MA is an abbrevia-
tion for Moving Average.

In order to solve a problem of insufficient observed water
stages in the flood forecasting period, the Average Deviation
method can be utilized. In step 108, the average error of the
time (t+1) is generated according to the observed water stages

H,, . H, ™, ...,H, ™ and the predicted water stages
#+1 t -1 -p . .
Hpred ’ Hpred s Yipred vt Hpred s and equatlon (2)

f+1 1¢ t—n+i t—ni (2)
sAD=;Z; [Hpred —HyMln=1,2,... . Ny
i=

As shown in equation (2), € ,,”*" is the average error of the
time (t+1), N is a predetermined interval number for calcu-
lating the average error € ;™" of the time (t+1), H,,,,.,/ " is a
predicted water stage of a previous (n—i)” time of the current
time, and H_,.”*" is an observed water stage of the previous
(n—i)" time of the current time, where (n—i) is an integer.

Because various Time Series models can be applied for
different lead times, the present invention adopts a concept of
Forecast combination to utilize correction results of AR(1),
AR(2), MA(1), MA(2), and ARMA(1,1) and equation (3) to
generate a water stage forecast correction H,,,, " of the
current time, where ARMA is an abbreviation for Auto-Re-
gression Moving Average:

t —_ t I .
Hiream = Hpred + €751 m5 3
1 Mmoget
Hl — 1 .
red,TS = red,m>
P N pi
model 4=

As shown in equation (3), N,,,, .; is a number of the Time
Series model (that is 5), € 74,,,,’ is a water stage error estimate
of the current time generated by an m” mode of the Time
Series model f, H,,.,,," is the water stage forecast correction
of the current time corresponding to the water stage error
estimate €7, of the current time generated by the m™
mode of the Time Series model f, and H,,,, ;" is the water
stage forecast correction of the current time generated by the
Time Series model f.
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Instep 110, the system error €, of the water stage forecast
is generated according to the water stage error estimate of the
time (t+1) and the average error of the time (t+1), and equa-
tion (4):

1 Mmoget “)
t+1 t+1

Z Ersm i+ €4D

=1

Esum =
Nonodet

As shown in equation (4), eTSM’m”l is the water stage error
estimate of the time (t+1) generated by the m” mode of the
Time Series model f.

In theory, a real-time correction mode (that is, the Time
Series model) of a predicted water stage based on the Time
Series method can effectively reduce errors caused by uncer-
tainty in various hydrological, physiographic, and meteoro-
logical models to significantly increase accuracy and reliabil-
ity of information of the water stage forecast, but a water stage
can still have abnormal variation caused by unpredictable and
uncertain factors (e.g. uncertainty in an observed water stage
or forecast rainfall). Therefore, the present invention further
adopts the Kalman filter method to correct the predicted water
stage.

In step 112, the random error (an error of the Kalman filter
method) is generated according to equation (5):

®
As shown in equation (5), € is the random error, K is a
Kalman gain, and H,,,, 7" (as shown in equation (3)) is the
water stage forecast correction of the current time generated
by the Time Series model f.
In step 114, the water stage forecast correction of the time

exr=Kgr(H ,p~H, pred,Tst)

(t+1) is generated according to the system error €,,,, the
random error €., and equation (6):
1 Muoget (6
Shomb = 77— E%}Vl,m +lip + ek

comb =
Nonodet 4=
m=1

As shown in equation (6), €, " is the water stage fore-
cast correction of the time (t+1).
In step 116, the predicted water stage Hpmt,”'1 of the time

(t+1) is corrected according to the water stage forecast cor-
+1

rection €, of the time (t+1), the predicted water stage
H,,. /! of the time (t+1), and equation (7) to generate the

water stage forecast correction of the time (t+1):

H,

corr

ol 7+1 #+l
=Hped " +€comp 7

As shown in equation (7), H_,,,**

cast correction of the time (t+1).

In Step 118, if the user wants to obtain a water stage
forecast correction of a time (t+2), step 102 to step 116 are
repeated to generate the water stage forecast correction of the
time (t+2).

Please refer to FIG. 2. FIG. 2 is a diagram illustrating at
least one water stage forecast correction through the method
in FIG. 1. As shown in FIG. 2, the predicted water stages
H,,./ .. .., H,,, and the observed water stages
ones Hop 7l oo, H,, 7 are utilized to generate a water
stage forecast correction of a lead time (e.g. a time (t+1), a
time (t+2), a time (t+3), and so on). Then, a corrected pre-
dicted water stage of the lead time can be obtained according
to the water stage forecast correction of the lead time and a

predicted water stage of the lead time.

! is the water stage fore-
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To sum up, in theory, the real-time correction mode of the
predicted water stage based on the Time Series method can
effectively reduce errors caused by uncertainty in various
hydrological, physiographic, and meteorological models to
significantly increase accuracy and reliability of information
of'the water stage forecast. However, the water stage can still
have abnormal variation caused by unpredictable and uncer-
tain factors (e.g. uncertainty in the observed water stage or
forecast rainfall). Therefore, the present invention utilizes the
Time Series method and the Kalman filter to correct a pre-

dicted water stage of a lead time to improve disadvantages of

the prior art.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A method of performing real-time correction of a water
stage forecast, the method comprising:

obtaining at least one predicted water stage of at least one

time and a predicted water stage of a next time after the
at least one time, wherein a previous time of the at least
one time is a current time;

obtaining at least one observed water stage of the at least

one time;

utilizing a Time Series method to generate a water stage

error estimate of the next time according to a following
equation:

+l_— +1 ¢ —1
ersnt S prod " M ped Hpred 5 - - - H,.;
€,,);

> S pls

t7p5 Et’
[T
wherein:
+1 : . .
€7/ 1s the water stage error estimate of the next time
generated by a Time Series model f;

Et:I—IP}"edt_I—[obst;
H,,.,/ is a predicted water stage of the current time of the

at least one time;

H,,. /7 is the predicted water stage of the next time;

H,,../ ! is a predicted water stage of a previous time of

ya
the current time;

H,,./ ™ is a predicted water stage of a previous p™” time
of'the current time, wherein p is an integer greater than
1;
H_,. is an observed water stage of the current time;
€, is a water stage error of the current time;
€, , is a water stage error of the previous time;
€, , is a water stage error of the previous p” time;
utilizing an Average Deviation method to generate an aver-
age error of the next time according to a following equa-

tion:
|
1 _ —n+i —n+i — .
&b = ;2 (e = B o= 1.2, Ny
p
wherein:

e, is the average error of the next time

Np is a predetermined interval number for calculating
the average error of the next time;

H,. S isa predicteq water stage of a previous (n-i)”
time of the current time;
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H,,.” " is an observed water stage of the previous
(n-i)” time of the current time, wherein (n-i) is an
integer;

generating a system error of the water stage forecast

according to the water stage error estimate of the next
time and the average error of the next time;

utilizing a Kalman filter method to generate a random error

of the water stage forecast;

generating a water stage forecast correction of the next

time using values of the system error and the random
error at a same time according to a following equation:

1 Mmoget

t+1 t+1 .
Z ETsMm + €aD * EKF>
m=1

H+1
comb —
Nonodet

&,

wherein:
€. 18 the random error;
€., " is the water stage forecast correction of the next
time;
N0z ; 18 @ model number of the Time Series; and
eTSM’m”l is the water stage error estimate of the next
time generated by an m” mode of the Time Series
model f; and
correcting a predicted water stage of the next time accord-
ing to the water stage forecast correction of the next time
and the predicted water stage of the next time.
2. The method of claim 1, wherein the random error is

generated according to the following equation:

t — t I .
Hoream = Hprea + €1t ms
Nimodel
t — 1 .
Hoprears = N ol Hpredms and
‘mode

m=1

t 1 .
ekr = Kkp(Hops — Hppeg 1)

wherein:
€ 1s the random error;
Ky 1s a Kalman gain;
€701, is the water stage error estimate of the current time
generated by the m” mode of the Time Series model f;
H,,... is the water stage forecast correction of the current
time corresponding to the water stage error estimate
€rsar Of the current time generated by the m” mode of
the Time Series model f;
N,.04 o 18 the model number of the Time Series; and
H . .zs is the water stage forecast correction of the cur-
rent time generated by the Time Series model £.
3. The method of claim 1, wherein correcting the predicted

water stage of the next time according to the water stage
forecast correction of the next time and the predicted water
stage of the next time is performed according to the following
equation:

el #+1 #+l,
H,oop =l ped” teioms s

wherein H

corr

next time.

™1 is a corrected predicted water stage of the



